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ABSTRACT 

 

 This paper, written as a two part project as required by Illinois Institute of Technology’s Phys597 

Reading & Special Problems class and health physics professional master’s program, focuses on the 

results of a prototype data collection process implemented at a Los Alamos National Laboratory facility. 

In particular, this paper examines the data in a statistical context in an effort to optimize operational 

health physics processes at the Los Alamos National Laboratory.   
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INTRODUCTION 

 In an effort to optimize the operational health physics program at a facility in the Los Alamos 

National Laboratory, a prototype data analytics process was established that combined several data 

flows into a single comprehensive program in an effort to more effectively monitor the performance of 

the program. Health physics, the study and application of radiation safety, plays a critical role at the Los 

Alamos National Laboratory (LANL). As the senior laboratory in the Department of Energy system, much 

of LANL’s mission focuses around the use of radioactive materials. The LANL health physics program is 

consistently called upon to support the safety of workers and the public in the management of safe 

usage of radioactive materials.  

 Like most health physics programs in the U.S., LANL maintains several metrics which monitor 

certain aspects of the program. These metrics focus mostly on the occurrence of safety events. 

Examples of these events include worker contamination, area contamination etc. that are used as key 

performance indicators. Historically and across several RP related industries, the creation and 

maintenance of these metrics has been time consuming and limited in scope. In light of the availability 

of new technology and health physics software, new avenues for the easy collection of data creates 

opportunities to look at health physics programs in a less traditional and more holistic approach.  

In May 2018, a fledgling program in data analytics was established to look at combining three 

major data flows. These include the work performance of RCTs (introduced in this paper), the issues 

encountered (which had been previously established), and instrumentation usage. This paper, written as 

the first of a two part project, looks specifically at applying elementary statistical concepts to analyze 

the data as a case study. The concepts, as employed in this paper, are consistent with the level of IIT’s 

Math 525 Statistical Models and Methods (a statistics class for non-mathematics majors). The statistical 

tools available at this level are limited and full implementation of a data analytics program like the one 

described in this paper would require deeper sophistication in the tools and techniques selected. 
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However, upon discussion with IIT’s graduate health physics program, it was believed there would be 

value added by making the attempt as kind of crude first attempt at a proof of concept rather than 

polishing a finished product. This paper details a very basic statistical analysis to a very new approach to 

managing a health physics program.  

 

BACKGROUND 

Work Performance Data Collection: 

Prior to May 2018, work performed at a facility in LANL had been documented using paper 

forms. Work performed by RCTs (typically referred to as job coverage) involves an RCT being present 

while some job is being performed. Examples include breaching a pipe containing radioactive material, 

performing maintenance on engineering barriers such as gloveboxes, opening of containers containing 

radioactive materials, etc. The intent of maintaining paper forms to record work was to be able to be 

able to count the number of hot jobs (jobs involving the wearing of respirators) at the end of the month. 

The paper forms were cumbersome and it would be time consuming to collect data using this process.  

In November of 2018, an electronic form using PDFs was created as a simple electronic version 

similar to the paper copy (shown in Figure 1). Starting in May 2018, the management expectation was 

that an RCT would be scheduled to perform work at a particular time, the work would be performed, 

and finally the work would be captured on a pdf form. Per RP management, it is the responsibility of the 

RCT to fill out a form for every time RCT coverage was provided in order to provide the most accurate 

representation of the RP’s efforts. Items of interest that were captured include whether the work was 

scheduled/unscheduled, start/stop times, if the work was delayed, etc. The electronic forms were saved 

and the data was automatically compiled into a monthly spreadsheet. The final product was a weekly 

report written to senior management regarding the work performed.  
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Figure 1: Example of Coverage Tracking Form 

 From May 2018 through April 2019, 3554 entries were made describing the work performance 

in the field by thirty-six RCTs. The following graph in Figure 2 displays the total number of entries in this 

period. It should be noted that an entry represents the submittal of a tracking form. Most forms are for 

work completed and some represent work that was cancelled, delayed, etc. This graph could be best 

described as total anticipated work in the May 2018 and April 2019 time period.  
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Figure 2: Total Anticipated Work 

  

Radiation Protection Issues: 

 As mentioned, radiation protection issues are metrics maintained by the LANL health physics 

group which act as indicators of the performance of the program. These metrics focus mostly on the 

occurrence of safety events. Examples of these events include worker contamination, area 

contamination etc. Typically, an issue recognized one of several ways. Most commonly, they are 

encountered while work is performed by RCTs in the field. A formal procedure exists that identifies 

thresholds for which a notification of such an event must be made. This communication occurs through 

a LANL application called Radiation Protection Initial Notifications (RPINs). A form is filled out and the 

notification is sent to the appropriate group of specified people. The application also maintains a simple 

database. Monthly, the database is accessed by the operational health physicist where the individual 

notifications are complied, analyzed, and divided into separate metrics and maintained as control 

charts.  
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 From 2018 through April 2019, 277 notifications were made describing the issues encountered 

in the facility. The following graph in Figure 3 displays the total number of entries in this period. 

 

Figure 3: Issues Encountered 

 

Instrument Usage: 

 Data regarding instruments usage comes from a database created for Visual Survey Data System 

radiological survey software. The software is used to create the forms used by the RCTs to create the 
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the future to use in a data analytics program. However, we are particularly interested in instrument 
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recorded in the job tracking forms since much of the work is routinely performed and was not initially of 

interest to the facility. This is a weakness in the data analytics program and will be discussed in more 

detail later. The following graph in Figure 4 displays the total number of instrument entries in the 

period.  

 

Figure 4: Instrument Usage 

Note: Because of a limited amount of time to complete this project the level of difficulty managing 

instrumentation data in a usable form, no analysis will be performed in this paper regarding instrument 

usage.  

Work Performance  

Anticipated Work Performance 

Between May 2018 and April 2019, 3554 entries were made regarding the anticipated 

performance of work. As discussed, this number represents all work that is anticipated in being 

performed in the facility. It consists of all entries into the system regardless of whether the work was 

scheduled, unscheduled, hot work, cancelled, etc. It is a strong candidate for analysis since it is a good 

573 556

660 647
589

752

386 372

775

598 621

734

0

100

200

300

400

500

600

700

800

900

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

2018 2019

Instrument Usage

Total



13 
 

indicator of the gross work load in the facility. Regarding a basic statistical analysis, approaches were 

used that look at measures of center.  

Based on the data, 245 days were recorded as working days. One of the limitations of this 

process is that it is possible that there were working days where work did not occur. For example, if on 

January 1st the facility was available to have work performed and no work was anticipated to be 

performed, then there is no mechanism in the system that would record such an event. However, based 

on experience working in this facility, this event would be exceedingly rare and (to my knowledge) has 

never occurred within the facility in the period evaluated.  

In Figure 5 below, we show the work anticipated on a daily basis. We compute the mean to be 

14.51 jobs per day supported by an RCT in the facility’s health physics program.  

 

Figure 5: Anticipated Work Performed Per Day: 

Comparing the mean to other values of center as shown in Figure 6, we expect to see values close to the 
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increasing. However, looking at value assessed for mode, we see a significant difference from the mean 

(14.51 vs. 1). The value of mode is the value that was input into the job tracking sheets most frequently. 

Finally, we compute the value of standard deviation for the data. Although the calculated values for 

sample standard deviation and population standard deviation are computed to be close (10.00 vs. 9.99), 

the population standard deviation is chosen since the all work within the facility is assumed to have 

been represented in the data collection process. 

Measures of Center 

Mean 14.51 

Median 14 

Mode 1 

Standard 
Dev 
(Pop.) 9.99 

Figure 6: Anticipated Work Performed Per Day Measures of Center 

Since many of the concepts introduced in Math 525 are dependent on a Normal distribution, an effort is 

made below to compare these results to this ideal distribution. Using the computed standard deviation 

and the computed mean, we can try to graphically compare the data to the expected values. In Figure 7 

below, the values are organized in terms of their frequency with respect to the standard deviation.  
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Figure 7 Frequency of Actual Data Vs Standard Deviation Bin 
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Based on the graph in Figure 8, it can be seen that we are somewhat limited to the fact the data does 

not match a normal curve as desired. Since we are going only as far as Math 525 (a fairly basic math 

course), we will continue with the analysis of the other relevant material for the sake of completing the 

independent study within the appropriate time frame. Realistically though and given more time, this 

would most likely be a point where we would choose a more sophisticated approach to statistical 

modelling.  

Work Actually Performed 

 Following the discussion above regarding anticipated work and acknowledging some limitations 

regarding the data set, the obvious next data sets to analyze include work that was actually performed. 

Between May 2018 and April 2019, 3093 (87%) of entries were made regarding the actual performance 

of work. This number represents all work that is actually in being performed in the facility. It consists of 

all entries into the system regardless of whether the work was scheduled, unscheduled, hot work, etc. 

so long as the work was not cancelled, rescheduled, etc. It is a strong candidate for analysis since it is a 

good indicator of the net work load in the facility. Again, regarding a basic statistical analysis, 

approaches were used that look at measures of center.  
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Figure 9: Work Performed per Month 

 

Figure 10: Work Performed per Day 
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see this to some degree regarding the median with a value of 12. The median represents the “middle” 

value if we were to list the data from decreasing to increasing. However, looking at value assessed for 

mode, we see a significant difference from the mean (12.78 vs. 1). Finally, we compute the value of 

standard deviation for the data to be 8.52.  

Measures of Center 

Mean 12.78 

Median 12 

Mode  1 

Standard 
Deviation 
(Pop.) 8.52 

Figure 11: Actual Work Performed Per Day Measures of Center 

Determining Whether the Work Actually Performed is Adequate 

Total Work Performance: One of the core goals for initiating the big data health physics programs is to 

establish that work being performed to support the facility is being completed. The following methods 

show that anticipated work involving radiological control technicians is being completed.  

Using that data as described above, it was determined that 87% of jobs entered are completed as 

expected and 13% of jobs entered into the system were not worked. Using a 0.05 significance level, we 

test the claim that more than vast majority (85%) of jobs performed this past week have been worked. 

In order to test a claim regarding a proportion, three requirements must be satisfied (Triola, 2006): 

- The sample data used is random 

- Conditions of a binomial distribution are satisfied 

- Conditions of np>=5 and nq>=5 must be satisfied to approximate using a normal distribution 

Claim: More than vast majority of jobs performed this past week have been worked (p>0.8).  
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It will be assumed that the data, collected using the data collection methods described in this paper, 

represents a random sample. A binomial distribution is assumed with jobs worked representing 

“success” and jobs not worked representing “failure”. Finally, it can be shown that np>=5 is satisfied 

with n=3554, p=0.85, and q=0.15.  Thus, we satisfy our requirements. We will assume that a normal 

distribution is approximated.  

Based on our claim above, we select our null and alternative hypothesis to be the following: H0: p=0.85 

and H1: p>0.85. To compute the z statistic, we have the following (Triola, 2006): 

𝑧 =
𝑝̂ − 𝑝

√
𝑝𝑞
𝑛

=
0.87 − 0.85

√0.85 ∗ 0.15
3554

= 3.34 

Based on the table A-2, Standard Normal (z) Distributions: Cumulative Area from the LEFT, provided in 

the text, a P-Value of 1-.9996=0.0004<0.05 allows us to reject our null hypothesis. It can therefore be 

concluded that there is sufficient sample evidence from the Big Data Health Physics Program to support 

the claim that the vast majority of work involving RCTs is being completed.  

 

Hot Work Performance: All work performed by RCTs is significant in some way or another. Of particular 

importance is hot work where a respirator is worn by the RCT and other workers in the room. This work 

is of particular interest to the radiation protection department as well as the facility it supports since 

this work tends to be higher risk and usually higher value.  

From the data collected, 779 entries were made where a hot job was anticipated. Of those entries, 650 

hot jobs were worked and 129 were not. Using that data, it was determined that 83% of jobs entered 

are completed as expected and 17% of jobs entered into the system were not worked. Using a 0.05 

significance level, we test the claim that more than vast majority (85%) of hot jobs performed this past 



20 
 

week have been worked. In order to test a claim regarding a proportion, three requirements must be 

satisfied: 

- The sample data used is random 

- Conditions of a binomial distribution are satisfied 

- Conditions of np>=5 and nq>=5 must be satisfied to approximate using a normal distribution 

Claim: More than vast majority of jobs performed this past week have been worked (p>0.85).  

It will be assumed that the data, collected using the data collection methods described in this paper, 

represents a random sample. A binomial distribution is assumed with jobs worked representing 

“success” and jobs not worked representing “failure”. Finally, it can be shown that np>=5 is satisfied 

with n=779, p=0.85, and q=0.15. We will assume that a normal distribution is approximated.  Thus, we 

satisfy our requirements.  

Based on our claim above, we select our null and alternative hypothesis to be the following: H0: p=0.85 

and H1: p>0.85. To compute the z statistic, we have the following (Triola, 2006): 

𝑧 =
𝑝̂ − 𝑝

√
𝑝𝑞
𝑛

=
0.83 − 0.85

√0.85 ∗ 0.15
779

= −1.56 

Based on the table A-2, Standard Normal (z) Distributions: Cumulative Area from the LEFT, provided in 

the text, a P-Value of 0.0594>0.05 does not allows us to reject our null hypothesis. It cannot therefore 

be concluded that there is sufficient sample evidence from the Big Data Health Physics Program to 

support the claim that the vast majority of hot work involving RCTs is being completed. Hot work, as 

performed by RCTs in this facility, should be analyzed further for optimization.  



21 
 

Applying Work Performance Models to Issues Occurring in the Field 

Choice of Model 

 In the following section, we attempt to apply the work performance models as described above 

to optimizing work performed in the field. A few different approaches were taken in organizing the data 

to look at trends in the work being performed. As shown below in Figure 12, several models were 

experimented with and the one that seems to be the most effective at looking at trends was modeling 

work in terms of days in a week (Monday, Tuesday, etc.). This was actually surprising but not necessarily 

unintuitive since a “week” model is typically the basic unit of scheduling at the facility. Projects that are 

performed typically start on Mondays and end on Thursdays. Looking at the work in terms of that cycle 

seemed to yield the most interesting results.   

 There are two items worth mentioning with regard to cycles. Firstly, the review period for this 

project occurred over exactly one year. However, if this project occurred over several years, it is very 

likely based on experience working in the facility that the work performed in the year occurs in a cycle 

with most of the work being performed in the spring and summer and less work being performed in the 

fall and winter. In the case we have that longer sampling period, using a yearly cycle would be a strong 

modelling choice.  Second, it is worth mentioning that many facilities that perform radiological work do 

not work off a weekly or monthly cycle. Nuclear power stations are an example of that where work is 

performed in terms of an outage schedule and care should be taken in how data is modelled.  
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Figure 12: Models of Anticipated Work (Day, Month, Day of Week) 
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Where the Day of Week Model Applies 

 In the next few paragraphs, we evaluate the models based on the day of the week the work was 

anticipated to be performed. In this effort, we apply linear correlations as described in the Triola text as 

described in the equation below: 

 

Equation 1: Linear Correlation r (Triola, 2006) 

 It is without a doubt that we would expect to see strong correlations in the models since we intuitively 

understand that when more work is occurring, there is greater opportunity for it to be cancelled, more 

opportunities for problems to occur, etc. However, it is important to look at these models first to 

establish the validity of the “day of the week” model before moving to models where this model does 

not apply. Where this model does not apply provides an opportunity for investigation and targeted 

optimization.  

Jobs Worked Vs Jobs Not Worked 

 In the case below, we look at a comparison of jobs being worked vs. the jobs that are not be 

being worked e.g. cancelled, rescheduled, craft workers not showing up, RCTs not showing up, etc. As 

shown below in Figure 13. We have calculated our linear correlation coefficient to be 0.964 which 

indicates a very strong positive correlation. As mentioned, this should come as no surprise. This graph 

simply indicates that work is generally performed Monday through Thursday with the maximum 

occurring on Tuesday and the minimum occurring on Sundays. The rate at which a job is not worked 

ranges from 0% (Sundays) to 19.6% (Fridays).  
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Figure 13: Jobs Worked Vs. Jobs Not Worked 

 

  

Jobs Worked Vs Personnel Contamination 

 Applying our work models to look specifically at radiological aspects of the facility, we compare 

the work actually being performed to how often workers are becoming contaminated. Worker 

contamination occurs when some radioactive material (particle, dust, liquid, etc.) unintentionally comes 

in contact with a radiological worker. It is of particular importance to the health physics organization 

since it is a key indicator of the health of the facility. Again, there are no surprises here. In Figure 14, 

there is a fairly strong positive correlation of R=0.904. This suggests that as more work is performed, 

more workers become contaminated.  
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Figure 14: Jobs Worked Vs. Personnel Contamination 

 We can actually improve upon this model by specifically looking at hot work being performed in 

the facility as compared to personnel contamination occurring. As shown in Figure 15 below, Hot work, 

higher risk work that requires a respirator, tends to occur more towards the middle of the week (as 

opposed to non-hot work that tends to occur earlier in the week as suggested in the previous figure). 

This may be due to the fact that hot work tends to require more preparation. Regardless, when we 

compare it to radiological problems occurring in the facility like personnel contamination as shown 

below, we see an even stronger correlation with R=0.977. Again, hot work tends to be associated with 

higher risk of exposure to radioactive materials so there is nothing surprising about this relationship.  
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Figure 15: Hot Jobs Worked Vs. Personnel Contamination 

 

Where the Day of Week Model Does Not Apply 

 As shown above, the “day of the week” model applies to a very wide range of metrics both in 

terms of how work is performed and radiologically how issues tend to occur. The examples highlighted 

are only a few of many that were explored and validated this model. In an effort to not belabor this 

point, we want to talk about where this model does not hold using linear correlations. Below in Table 1 

is a small sample of the correlations analyzed. Most were unsurprisingly correlated to the work 

performed. Examples like false alarms on continuous air monitors (CAMs) showed no correlation 

between work being performed and that is unsurprising since false alarms seem to occur randomly. We 

would like to spend some time looking at a few of the more surprising metrics.  
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Table 1: Sample of Metrics Analyzed for Model Correlation 

 

Jobs Worked Vs Customer No Shows 

 A “Customer No Show” occurs when RCT shows up to cover work and, without notification, the 

workers do not show up to perform the work. This is an enormous problem and is incredibly costly. The 

availability of RCTs is very often a bottleneck for the ability to perform work in the facility. By not 

showing up to perform work, not only is that work group’s work not performed, but also the ability to 

perform another job instead is taken away.  By making some assumptions regarding the burdened rate 

for an RCT and the burdened rate for a worker, the labor costs alone for no show in the sampling period 

are $2.1 million or, if we assume a job of equal size would have been performed instead, $4.2 million in 

labor costs. (Note: this metric only looks at labor, and if we factor in the value of the actual work to be 

performed, the cost of “no shows” may be orders of magnitude larger.) As shown in Figure 16, the graph 

shows an increasing number of no shows in the beginning of the week and occurring less by the end of 

the week with only some correlation (R=0.732) to how much work is being performed.  

 

Metric Compared to 

Jobs Worked

Linear 

Correlation R

Jobs Worked 1.00

Jobs Not Worked 0.96

Hot Work Performed 0.94

Jobs Delayed 0.98

Customer No Show 0.73

Customer Not Ready 0.96

Total Issues 0.92

Pers Contam 0.90

First Opprotunity 0.88

Exit RBA 0.85

Exit RCA 0.65

True CAM -0.23

False CAMs 0.07
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Figure 16: Jobs Worked Vs. No Shows 

Again, looking at Figure 17 below, we can see an almost linear relationship between the occurrence of 

no shows and how late in the week it is.  

 

Figure 17: No Shows by Day of Week 
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Jobs Worked Vs Contamination Detected Exiting RCA 

 Any well managed radiologically controlled facility (RCA) dealing in radiological contamination 

practices a philosophy of “defense in depth”. This means that certain controls are put in place based on 

the probability of contamination occurring and the consequences associated with that contamination. It 

is of particular interest to a health physics group how often contamination is detected at the final 

boundary. In this case, the final boundary is the exit of the RCA. As shown in the table, there is limited 

correlation between work that is being performed and contamination being found at the RCA boundary 

especially when finding contamination at the other two boundaries are fairly well correlated. This may 

be due to the random nature of legacy particle contamination which is typically more random in nature. 

In addition, because of the defense in depth philosophy practiced at the facility, contamination being 

found at an RCA exit is a somewhat rare event that may need a larger evaluation period than one year to 

understand any underlying relationship.  

 

Figure 18: Jobs Worked Vs. Contamination Detected Exiting an RCA 
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Jobs Worked Vs True CAM Alarms 

 A Continuous Air Monitor (CAM) is an electronic detector placed in a facility room or near a 

work area that continuously looks for radioactive material in the air. These are either stationed as 

permanent fixtures in a room or they may be temporarily relocated during hot work. A true CAM alarm 

(in contrast to a false CAM alarm) means that some radioactive material was detected above an 

established threshold value in the air of a room. CAM alarms are enormously expensive since it requires 

RCTs to respond and close down a room or area.  

Looking at the graph below in Figure, the linear correlation is computed to be R=-0.23. In fact, if 

we try to compare true CAM data to hot work performed, we still only get a marginally stronger 

correlation with R=-0.15. This is a very surprising finding specifically when we would expect the number 

of true CAM alarms to be strongly correlated to work being performed.  

 

 

7

698

819
775

628

148

183 2 6 3 4 5 6

0

100

200

300

400

500

600

700

800

900

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Jobs Worked Vs. True CAM Alarms (R=-0.23)

Jobs Worked True CAM



31 
 

Figure 19: Jobs Worked Vs. True CAM Alarms 

 

Below, in Figure 20, is the data regarding the occurrence of true CAM alarms. The graph shown an 

almost bimodal distribution peaking around Tuesday and on Saturday.  

 

Figure 20: True CAM Alarms by Day of Week 

The correlation calculations obviously do not reveal a cause. However, there may be a few opportunities 

either for optimization or at least consideration. One possible consideration may be that CAM filters are 

typically changed early in the week. Since the CAM values are set a DAC-hr (a value analogous to an 

amount of contamination) rather than DAC (a value analogous to a concentration or rate), it may be 

possible that the CAM alarms are a function of buildup over the week with some of the largest buildup 

occurring on the weekend. Ultimately, more investigation would be required especially since, as 

mentioned, the response to true CAM alarms is very expensive.  
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Opportunities for Optimization 

Completion of Hot Work: 

 Although non-hot work (work that does not involve a respirator) seems to be being completed 

adequately, accepting 85% as the target we can see from the earlier statistical t-test that we cannot be 

confident that the same can be said of hot work. As discussed, hot work is high value for the facility. 

  

Figure 21: Reasons Jobs Not Worked (Hot Jobs) 

Job cancellations (a job was scheduled and then removed from the schedule) plays the largest role with 

48% of the total occurrences. Somewhat surprisingly, other was listed as the second most common 

occurrence with 15% of the total. Schedule adherence would be the target for optimization but more 

research should be done into why other is chosen and if the collection process is adequately capturing 

the reasons for cancellations.  
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Friday Schedule Management:  

 As discussed earlier and as shown in Figure 13, Fridays tend to be a slower day in the jobs 

requiring RCT coverage. This is partly due to a work schedule that provides 4-10 schedule where in RCTs 

and workers tend to work Monday through Thursday at 10 hours each day. However, Fridays tend to 

have the highest occurrence of job cancellations with 19.6% jobs cancelled to jobs worked ratio due to a 

variety of reasons shown below in Figure 22.  

 

Figure 22: Reasons for Jobs Not Worked (Fridays) 

It is somewhat interesting to note that upon further analysis, 100% of the jobs that were not performed 

were scheduled jobs (as opposed to last minute add-ins to complete a task). More research would need 

to be done but the target again would be to look at job cancellations with respect to schedule 

adherence. 13 of the 29 instances listed above (almost 45%) included some form of cancellation of a job 

listed on the schedule.   
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No Shows Early in the Week: 

 As discussed, customers not showing up to perform their work without any notification is a huge 

problem. Luckily, we can see based on the Figure 16 that this anomaly occurs much more often on 

Mondays than any other day. Forty-six percent of all no shows occurred on a Monday and roughly 7.5% 

of anticipated work on a Monday results in a no show. Therefore, work, on Mondays especially, should 

be targeted for identifying work that is likely to happen or not happen. This could be done through one 

of several ways including resource meetings early Monday mornings just prior to work starting.  

True CAM Alarms on Saturdays: 

 As discussed, True CAM alarms are unusually likely to occur on Saturdays as compared to other 

days of the week. More research may need to be performed. It may be due to the fact that higher risk 

work is performed on Saturdays when there is less work being performed in the facility. In that case, 

work may be optimized by providing more resources during Saturday work than are already provided in 

order to prevent CAM alarms and assist in addressing them as necessary. Otherwise, in the case that the 

true CAM alarms do not occur as result of the work performed, it may be beneficial to evaluate any 

technical limitations regarding the functioning of the CAMs to resolve any deeper issues resulting in 

weekend CAM alarms.  

 

Limitations and Areas for Consideration 

Challenges regarding the collection of data: 

 From a statistical standpoint, one of the challenges faced by the facility’s RP program trying to 

take on a project of this scope was ensuring the participation of each of the RCTs in using the forms and 

having them input their data 100% of the time. This short case study was obviously driven by the RCTs 
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who filled out the forms. Initially, it was believed that the product would ultimately provide a 

mechanism for the RCTs to establish the very large volume of work they perform especially in 

comparison to other work groups and that would be motivation enough for the RCTs to participate. 

However, the product took a great deal of championing on the health physicist’s behalf and, as soon as 

promotion of the product stopped, participation waned. In those cases immediately following the 

review period captured here, any analysis of the data quickly becomes very poor. One solution may be 

to somehow create an appropriate random sampling rather than focusing in on trying to achieve 100% 

participation.  

Validation of Data and Models 

 Models and mechanisms for data validation can and should play an important part of the 

gathering of data.  As mentioned, there is a software package called VSDS that the RCTs use to 

electronically record their work in documents called surveys. Initially, VSDS was considered as a 

mechanism for data gathering.  However, VSDS did not provide the kinds of metrics we would want to 

use especially with regard to looking at work groups, durations of the jobs, why work was getting 

cancelled, etc. so it was rejected for something that could be custom created. That being said though, 

the data in VSDS could offer a really interesting opportunity baseline the participation in the process 

highlighted here against this other process and see how the two would compare. For instance, if 90 jobs 

are completed one particular week based on the pdf form as compared to 100 surveys completed on 

VSDS, some estimations could be made about the accuracy of one program in relation to the other and 

see where any information is missing. It may be plausible to even account for that loss systematically 

but this would take a little bit more time to develop that capability. Ultimately, the process as described 

here was more of a one way street with RCT providing the information regarding their work where other 

methods could be explored to create more of a modelling cycle instead where data would be received, 
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VSDS (or other data sources) used to validate, and then that information would be used to optimize the 

data gathering process.  

Limitations Regarding Elementary Statistics 

 When initially taking on this project, it was initially expected that the problems being taken on 

to perform the analysis of the data would be pretty similar to the problems typically encountered in a 

basic statistics class like Math 525. Something learned in participating in this project was how quickly the 

data and associated data analysis goes from basic into a nonparametric space rather quickly which made 

it very cumbersome to manage using the tools provided. A good example of this is the t-test illustrated 

earlier. In that case, we wanted to find a sufficiently sophisticated technique to apply from Math 525 to 

the analysis here. However, this and other techniques including means, standard deviation, etc., start to 

abuse the tools and language to a degree when they do not sufficiently model a normal distribution.  

Lack of Routine Monitoring Data 

 Routine monitoring instructions (also referred to as routines, routine surveys, or RMIs) are a 

significant burden on a radiation protection program in terms of RCT resourcing and costs. Performing 

routine monitoring is required by most radiation protection programs and there are plenty of 

opportunities for optimization in this regard. While implementing this process, RMIs were not typically 

recorded using the form. There are a few reasons for this. One reason is that RMIs can be performed 

while also performing work and it is a little tricky separating the two for analysis. The second reason is 

that it would have made the initial implementation of the program more difficult and it was therefore 

decided to be left out until later. However, if the goal is to optimize the program as a whole, it behooves 

any program taking on this kind of approach of recording all work performed in the field to incorporate 

RMIs and the time RCTs spend in those efforts.  
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Getting the Data Gathering Process Right the First Time: 

 Finally, the RP program implemented several iterations of the forms used to gather the data in 

the beginning. From December 2017 through April 2018, there were three revisions of the form before 

one was settled on as a final form. By changing the form several times, an opportunity to gather several 

more months of data was missed.  

Conclusions 

 Overall, performing a statistical analysis of this new kind of approach to health physics yielded 

some really interesting results. Certainly, there is value in using the most basic of tools like means, 

medians, etc. to more effectively talk about the work performed in radiation protection. Most radiation 

protection programs as far as I know do not implement a systematic approach to recording and 

analyzing the work to the same degree that metrics regarding safety issues are managed. However, as 

we were able to validate to some degree in this project, we can see that there is a very strong 

connection with regard to how much work is performed and how often those safety issues manifest 

themselves.  

In cases like the worker no shows, using statistics to identify anomalies helps to optimize the 

safety personnel available and makes the facility safer in that regard. From a monetary standpoint, it is 

very easy to see how that issue can be specifically targeted. For instance, Mondays have the highest risk 

of no shows. That issue could be addressed by using the data collected to discipline certain work groups. 

Different approaches to scheduling can be used where less valuable work would be scheduled earlier in 

the week and more valuable work scheduled later when the risk of a no show is less. Any of these 

approaches that works to reduce that risk would be worth millions of dollars in terms of production.  
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Contrastingly though, some of the statistics really do not support some basic assumptions we 

have in the field regarding radiation protection. Having true CAM alarms having either no correlation or 

even an inverse correlation to the work performed in the field is very strange and is something we will 

continue to explore.  

Finally, I believe this project highlighted significant challenges moving forward regarding how we 

analyze the data. If we want sufficiently analyze and communicate the results of the process in a formal 

statistical light, we would need to invest more time into a more sophisticated approach such as 

nonparametric analysis. Otherwise, we risk losing the opportunity to seek out trends, meaning, and 

value in the data collected.  
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Attachment 1: Work Performance Fact Sheet 

 

 

  

 

  

Total Jobs Anticipated 3554

Total Jobs Worked 3093

Percentage of Jobs 

Worked 87.03%

Total Jobs Not Worked 461

Percentage of Jobs Not 

Worked 12.97%

Number of Scheduled 

Jobs (Anticipated) 3339

Percentage Scheduled 

(Anticipated) 93.95%

Percentage Scheduled 

(Worked) 86.67%

Percentage Scheduled 

(Not Worked) 13.33%

Number of 

Unscheduled Jobs 

(Anticipated) 215

Percentage 

Unscheduled 6.05%

Percentage of 

Unscheduled (Worked) 92.56%

Percentage of 

Unscheduled (Not 

Worked) 7.44%

General

Scheduled Work

Unscheduled Work

Number of Hot Jobs 

(Anticipated) 779

Percent Hot Jobs 

Compared to Total 

Work 21.92%

Percent of Hot Jobs 

(Worked) 83.44%

Percent of Hot Jobs 

(Not Worked) 16.56%

Number of non-Hot 

Jobs 2775

Percent non-Hot Jobs 

Compared to Total 

Work 78.08%

Percent of non-Hot 

Jobs (Worked) 88.04%

Percent of non-Hot 

Jobs (Not Worked) 11.96%

Hot Work

Non-Hot Work
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Attachment 2: Table of z Scores 
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(Triola, 2006) 
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